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Tbe e鮎ctsofintra－Striatalandintra－bわpocampaliI勺eCtionsoftbecholinerglC neurOtOXin，
ethylcholine mustardaziridiniumion（AF64A；2・OnmoylO／パ，5．Onmoリ10／∠1），Onretention女）rthe
Standard8－拡m radialmazet skwere examined．Both striatalandh ppoc mpaliTりeCtionsofAF64A
impairedretentionf rthestandard radialmazetaskas compared witbthesaline－iI勺eCted control
酢Oup・The resultsdemonstratetbatboththestriatalandthebippocampalcbolinerglCSyStemS
COntributeto 抗cient spatiallocalization．The possibility of a如nctionaldissociationbetweenthe
two cholinerglCSyStemSis alsodiscussed．
監ey word＄：AF64A striatumhippocampusacetylcholine radialarm mazelearnlngme Ory
書nモroducモio門
A number of studieshav indicatedthat
memory processis anintegration ofinformation
mediatedin severalbrain systemsthatcan be
dissociatedin typesof memoryRecently；tbeidea
thatseveralbrain systemsfunctionsimultaneously
br an e挽cient problem sol11tionhas drawn
attention．Anidealsolutionofa glVen prOblem
appearsto be d11etOa parallelande放cientuse of
pluralin払rmation．Behavioralevidencesugg sts
that tbehippocampu．sand
mediatedi鮎rentypesof
OuSlyon tasksuslng
（McDonald＆White，1994）
thestriatum ofrats
inぬrmationsimultane－
Morriswatermaze
and8－armradialmaze
（McDonald＆ White，1995）．Brainlesionstudies
haveshownthat hippocampallesionsresultin
Seriousimpalrmentinspatiallearnlng SuCbas
standard8一打m radialmazebebavior（0’Keek＆
Nadel，1978；01ton＆ Ⅵ屯rtz，1978；Ⅵね1ker ＆
01ton，1979；Winocu】11980）andMorriswater
maze behavior（Morris，Garrud，Rawlins，＆
0’Keefe，1982）．Itisassumedthat taskscalled
‘spatialtask’（i．e．8一打mradialmazetask，Morris
watermaze task）primarilyrequiretbeabilityto
localizeon tbe basisofvisualcues externaltothe
organism（Zoladek＆ Roberts，197B），SOtbe
hippocampusislikelyto representtheneural
Substratehatmediates‘allocentriclocalization，
（Cook＆ Kesneち1988）．Itsbouldbe notedtbat
animals with striatallesionsare not 女）undtobe
de五cientin
1980；Cook
White，1989；
At tbe
thesetasks（8eckeちWえ1keち＆01ton，
＆ Ⅹesne王；1988；］ねckard，Hirsh，＆
Packard＆Ⅶhite，1990）．
Same time，Striata11esionedanimals
are alsofoundto be de点cientinhe
taskwhen extramaze cu．es are
（Ⅶinocuち1980；Masuda＆Iwas ki，
extramazecues aresalient，boweveち
Striatallesionsare notimpaired
radialmaze
not salient
1984）．Ⅵrben
animals with
in the task
（Beckert al．，1980；Cook＆ Kesneち1988；
Packardet al，1989；Packard＆Ⅶhite，1990）．The
discrepancyofthesebebavioral
explainedby the involvement
localization，in theradialmaze
linesof evidence suggesttbat
involvedinspatiallocalization
‘egocentric
Egocentric
abilityto
reference
proposed
evidence maybe
Of‘egocentric
behavioこSome
thestriatumis
Wi hrespectto
10Calization’（Cook＆ Kesneち1988）．
10Calization（EL）issuggestedto bean
encode andstore responses with
to t‡leOrganism’sbodyposition．Itis
tbat良ve salient attributescbaracterize
mnemonicin女）rmationf ranimalmemoryi．e．，
1abeledspace，time，a＃ect，SenSOry perCeption，and
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response（Kesnera d DiMattia，1987）．ELis
iabeiedas theinteractionbetweenthesespatial
and responseattributes（Potegal，1982）．Masuda
and Iwasaki（1984）discussedthatratswere
impairedintheradialmazetaskbecausethe
task’s featureof reduced visualcues required
animalsto tlSe kinestheticand／orvestibular
（egocentric）cuesratherthanextramazecues．Itis
1ikelythate放cient
learnlr唱reSults
processlng Ofboth
sincetbereisno
poor conditionsin
are moreempirical
performanceintheradialmaze
たom a parallelin女）rmation
allocentricand egocentriccues
boundary betweensalient and
termsof availabie cues．Tbeェ・e
SuppOrtfortbeinvolvementof
thestriatuminEL．Ratswith striatallesionsare
impaired in deiayedresponse anddeiayed
alternation（Divac，Rosvold，＆Szwarcbart，1967；
Obergand Divac，1979；Sandberg，Lehmann，＆
Rbigeち1978）inwhichthe ability ofELis
SuggeStedto berequired（Cook＆Kesneち1988）．
Striatallesionsalsoimpairedtheperぬrmanceon
tbereturn血■Oma paSSivetransport task，inwbicb
animalsare requiredtofindthegoalspouton t壬1e
basisofvestibularfeedback（Abraham，Potegal，＆
Milleち1983）．Anditshould alsobe notedthat
hippocampallesionedanimalsare notfoundto be
de茄cientintileSetaSks（Abra壬1ametal．，1983）
托om theaspect of neurotran＄mitter systems，
braincholinerglC SyStemSare alsoknown to
COntrib11tetOl arnlngand memory processes．A
possibleinvolvement ofbraincholinerglC SyStemS
in cognitive如nction has beensuggested since
memoryloss of patients withAIzheimer’s disease
WaS foundto correlate with cholinergicypo如nc－
tion（Coyle，Price，＆DeLong，1983；Arendt，Bigl，
Tbnnstedt，＆Arendt，1985）．Thereare substantial
pbarmacologicalevidencesuggestlng Criticalroles
Of braincbolinerglC SyStemSinlearnlngand
me汀10ry prOCeSSeS．Those studieswere ＄umma－
rizedby Kobayashi（2003），SOtheyare not
reviewed‡1ere，butit s壬10uldbenotedthatstudies
On thebraineurotransmitter systemsin specific
brainreglOnS SuCbas the hippocampusand
Striatumare necessa叩TiluS，theoわjectiveofthe
present studywas toinvestigate the di＃erential
involvementof tbe striatal andbippocampal
CholinerglC neuralsystemsinpatialIoca王ization
uslng8一打m radialmaze．The selectivelesions of
hippocampalorstriatalcholinerglCneurOnS Were
Carriedout uslngintra壬1ippocampalorintrastriatal
l‡カectionsofAF64A，reSpeCtively．Ⅶeh pothesized
thatbothintrahippocampalandintrastriataliI勺eC－
tionswouldimpalr radialmazebehavi拡
Gen¢ralM¢納od
ぷ〟杉gcね
Thesu切ectswere maleWistar－Imamicbirats
（250to350g），individuallyhousedina temperature－
COntrOlled colonyroom ona12：12－hourligbトdark
CyCle．Lig‡1tSinhecolo壬1yrOOm Wereillumi王Iated
なom8a．m．to8p．m．Animalswere glVenad－1ib
accesstowateこ
ノ吻α㌢αg〟ぶ
Theapparatuswere anelevated（50cmabove
the 批）Or）8－armradialmaze made of gray
Plexiglas．Eacbarm measured60×12cm，andthe
diameterofthehexagonalcenterplat女）rm WaS34
Cm．甘ansparentPlexiglasguillotinedoorssepa－
ratedarms なom thecenterplat女）rm．Thefood
CupS（3．Ocmin diameteち1．Ocm deep）atthe
distalendof eacharm servedas reward－Wells．
The brightnessofthecenterplat払rm was2101Ⅹ．
Tbe maze wassu汀Oundedby severaiextramaze
CueS fixed throug壬10uttheexperiment．
βr轡
The drugwas
iumion（AF64A）．
met壬10d ofRsbeI；
（1982）withsome
ethylcholine mustard aziridin－
AF64A was preparedby a
Mantione，Abraham，andHanin
modi点cation．The acetylcholine
hydrocIlloride（Research BiochemicalInc．，MA．）
WaS dissolvedin disti11edwaterandwas aヰjusted
to pHll．3－11．7with8NandlN NaOH．Tben
thesolutionwas maintained witbinthesame pH－
range女）r30 min．Subsequently；thepH ⅥraS
reducedto about5．O witb6N andlNHCl，and
血aliyadjtlStedto pH7．4Ⅵ7itbNaHCO3aqtleOuS
solution．
nmol／〃1
keptat
within6
RnalconcentrationsofAF64Awere O．20
and O．50nmol／〃1・Thesoltltionwas
4℃ untilinjection，tbatwas conducted
加東ter preparation．
ぶ〟曙g甲
B bre su瑠er洪 animalswere anestbetized
倣e血iXobayashiand7§皿eOIwasaki‥Lesionso‖ksぬalandhippocampalcbolin叩CSyStemSdisruptr血Iarmmazebehavior
With40 m〆kgsodiumpentobarbital．AF64Aor
Saline waslI勺eCtedbilaterallylntOthestriatumor
bippocampususlng Standard stereotaxicchniques
togetherwiththestereotaxic atlasof払Ⅹinos and
V鞄tson（1986）・Coordinatesねr striataliIづection
Were AP＝＋0．7 mm 丘・om bregma，ML＝±2．8
mm，DV＝－4．6 mm 丘om duraandtbose女）r
bippocampaliI勺eCtionwere AP＝…3．8 mm from
bregma，ML＝士2．7 mm，DV＝¶2．8 mm 血・Om
dura．Thesolutions werelI勺eCtedina volume of
5／パ 0Ver 5 min througba Hamiltonsynnge，
Whicb wasleftin place払r additiona15minbeぬre
Withdrawalfor su銭cientd政1Sionofthe血ug・
助わ吻
A氏erbebavioraltesting（26daysa氏ersurgery），
animalswere anesthetized withlOOmg稚gsodium
pentobarbitaland perfused withO．02ガphosphate
bu鮎redsaline（PBS，pH7．4）bllowedby a
伝Ⅹativecontainlng4％paraぬrmaldehydeandO．29ら
plCric acidbu鮎red to pH 7．4 by O．1戯r
pbosphatebu鮎r（PB）．Brainswere removed and
furtherimmersedinthefixative女）rOne day．The
brainswere placedinO．1朋■PB containlng20％
sucrose at4℃払r2days．熊ozencoronalsections
（20／Jm）werecut witb cryostat microtome．The
SeCtionswere washedout su放ciently withO．1彪r
PBS and storedldayinO．1ガPBS containlng
O．1％甘iton－Ⅹat4℃．
R）r AChE－Stainlng，tbe brainsectionswere
WaShedoutwitbO．1〟maleicacidbu飴r（MAB：
pH 6．0）andincubatedwithO．1ガ MAB
COntaining36／∠〟acetylthiocholineiodide，5〃朋－
potassiumferrlCyanide，30／∠ノばcoppersuぬt and
50／J〟sodium citrate atroom temperature良）r
30min．Aftertheincubation，thesectionswere
WaShedoutwith甘is－HClbuだer（50mM，pH7．6）
and placedinTヒis－HClbu鮎rcontainlngO．02 ％
3，3’－diaminobenzidineandO．3％ammonium nickel
Suぬte．Thenimmediately；30％bydrogenperox－
ide（H202）wasaddedintohisolutionattberate
Of15／ノ1perlOO ml，yieldinga clear stainlng
pattern ofAChE－pOSitiveneⅣe elements．Stained
brainsectionswere examined under alight
microscope．
励ゐαγわrαJpr〃Cg血柁
Animalswere redlユCedto75－85ウらof theirad－
1ib feedingweights prlOrtO bebavioraltralnlng・5
ratswere placedon themaze for30minuteson3
COnSeCutivedaysanda110Wedto explorethemaze
Withthe払od（45mgわodpelletsX20）available．
Tbeneachratwasindividuallyplacedontbemaze
わr thenext
maze withlO
On day6．On
run downall
2 consecutivedaysto exploretbe
払od pe11ets・Acquisitiontrialsbegan
eachtrial，animalswere allowedto
8arms toobtainthe foodpellets．
Theratw・aS placedintbecenterplat女）rm Witb all
guillotinedoorsclosed．Thetrialstartedwb nthe
doorswere opened．Vhentheratreturnedto the
Centerplatbrmかom thearm afterobtainlnga
ぬod pellet，itwas con点nedinthecenterplatbrm
ねr2 s，andthenallthedoorswere re－Opened
払r the atto makethenext cboice．Thetrial
ended when al18pelletshad beenconsumed，10
minhadelapsed，Or16 choiceshad b enmade．
Allthechoices andtbe time tocompletea trial
Were reCOrded・Onetrialwascarriedoutperday
廿ainingcontinued untiltbeanimals reachedthe
Criterion：atleast7co汀eCt Choicesoutoftbe魚rst
eigbt choiceson 5 consecutivedays．Ⅶithin 4
daysafter reachingt ecriterion，the animalswere
asslgnedto one ofthefollowlng5groups：Striatal
AF64A 2nmoト（striata12 nmolgroup：N＝9），
StriatalAF64A5nmoト（Striata15nmolgroup：N＝
9），hippocampalAF64A2 nmoト（bippocampa12
nmolgroup：N＝10），hippocampalAF64A5nmoト
（hippocampa15nmolgroup：N＝7），andsaline
（control酢Oup：N＝9）group．Thesurgerywas
COnductedintheprocedured scribedpreviously二
Animalswere glVen4 days 女）rreCOVery；and
retentiontrialsstarted．The procedlユre Ofthe
retentiontrails，runfor12days，WaSidenticalto
thoseoftbeacq11isitiontr als．
陀℡＄u柁＄
取ぬゐね 扮gおァわ用
Mean number oftrialsto rereachthe
CriterionintheretentiontrialsisshowninFig．1．
Mostofthecontrolgroup rereachedth criterion
Within5 daysincluding 5 daysoftbecriterion
period，Whereas a11theAF64A－treatedgroupstook
more trialscomparedto thecontrolgroup．An
ANOⅥ1comp11tedon the dataon Rg．1
revealeda signi点cant groupeぽect［F（4，39）＝5．91，
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p＜．01］．Posthoc testsusing′mkey－Kramer’s
method si10Wedthatbestriata12nmoト（p＜．01），
striata15nmol－（p＜．01），hippocampa12nmol－
（p＜．01），andhippocampa15nmol－（p＜．05）酢Oup
tookslgnificantlymore trialsto rereacbthe
Criterioninrelationtothecontrolgroup．
肋椚あg㌢（げCbァプ・gCgCゐβわg方
円g．2showstberetentiondata forallgroups．
Ratswith striatalandhippocampallesionwere
bothseverelyimpairedon theretention oftbis
task．AnANOⅥ1withrepeatedmeasures on the
datain Fig．2indicateda slgnificant main eだect of
酢OupS【F（4，29）＝12．01，p＜．01］，aSignificant
e＃ect ofblocks［F（2，8）＝45．94，p＜．01〕，andno
Slgnificantinteractionbetweegroups andtrials
［F（8，58）＝1．55，n．S．】．Posthoctestsusingnlkey－
Kramer’smethod sbowedthat thestriata12 nmoト
（p＜．05），Striata15nmol－（p＜．01），hippocampa12
nmoト（p＜．05），andbippocampa15nmoト（p＜．01）
groupswere slgnificantly poorintheirper女）rm－
ancein relationto hecontrolgroup．
腰〟〝乃～乃g耶椚g
ng．3 showsthemean runningtimespent
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Fig．1Meantrialsto criterion（±S．E．M．）ねrall
groupsintheretentiontrialsof standard8一
打m radialmazetask．Datain the茄vedays
Ofthecriteriontrialsare notincluded．Sal：
Salineirづection group（N＝9）；
AF64Ai叫ectiongroup（2nmo1
5nmolgroup：N＝9）；Hip：
AF64Ainjectiongroup（2nmo1
5nmol酢Oup：N＝刀．＊＊P＜．01，
paredtoSal．
Str：Striatal
group：N＝9；
hippocampal
酢Oup：N＝10；
＊P＜．05com－
per choicefor a11groups・No statistically
slgn泊cantdi鮎rencesamong grotlpSWere fbundin
thismeasure．
肋わわ紗
Histologicalexamination
positived nseterminalsin
hippocampuswere obseⅣed
animals，Whereasthose
revealedthatAChE－
thestriatum andt‡le
inthesaline－injected
AChE－pOSitive dense
terminalsaround syrlngetraCtSinthestriatum
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Fig．2 Meancorrectchoices（±S．E．M．）ねrall
酢OupSintheretention of standard8…訂m
radialmazetask．SeeFig．1for further
information．
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抗g．3 Meanrunningtime（±S且M．）intheretention
はialsof standard8－arm radialmazetask．Tbe
Valuesrepresentthe timespent perchoice
during the五rst5trialsoftheretention．See
抗g．1for如rtherinformation．
他山miKobaya血andlもmeoIwasa女i：Lesionso紬estdatdandhippocampalcholineI嘗icsystemsdisruptradialarmmazebehador
andinthebippocampuswere
Of the striataト2nmoland
animals，reSpeCtivelyInsome
2nmoトand 5nmoト酢Oup，
1ateralventdcleⅥraS Observed．
damagesintbestriatum and
decreasedinmany
bippocampaト2nmol
animals of striatal＿
dilatationof tbe
Non－SpeC泊ctissue
bippocampuswe托
detectedinmany ofthe striata15nmoland
bippocampa15nmolanimals，reSpeCtively・
Discu＄＄ion
2nmoレ10／パofAF64A，thelowerdosein the
present experiment，reSultedinse ect velesions
OftbecbolinerglCneurOnS aSCOmpared withthe
bigherdose（5nmoylO／∠1）．5nmolof AF64A，
Which resultedin non－SpeCi虫ctissu damages
訂OundthesyrlngetraCtSinmany animals，CannOt
be regardedas an appropriatedose forthe
Selectivelesioninthepresent studyConsidering
thebebavioraldataof hestriatalandbippocampa1
2 nmolgroups，bothstriatalandbippocampal
Cholinergic systemsseem toplay criticalrolesin8－
arm radialarmaze bebavioェIntrastriataland
intrabippocampalAF64AiIカectionswere followed
bytheimpairmentssimilartothoseわundfollowlng
either striatalorhipp campalnon－Selectivetissue
damages（Winocuち1980；Masuda＆Iwasaki，1984）．
At tbesame time，thepresent
hypothesis tbatthe hippocampal
areinvolvedin certainkindsof
and provided払rtberevidence
results supportthe
CholinerglCneurOnS
COgnitive processes
thatnot onlythe
bippocampalbutalsothestriatalcholinerglC neural
SyStemS COntributeto th 放cient radialmaze
bebavioI二
Botbintrastriatal
tionsof AF64A did
Altbougbsome studies
Or mOtivationalactivity
andintrabippocampal軸ec肘
not aだect runnlngtime．
SuggeSt Changesin motoric
ね110Wingstriatal（D6br6ss洪
Svendsen，＆ Donnet，1995）andhippocampal
（Douglas＆Isaacson，1964；Jarrard，1968；Jarrard，
1973）1esions，the
bippocampal－1esion
Changesin motoric
AF64Aemployedin
no orlittle e鮎cts
pres ntdataof striataトand
酢Oup ねiledto sbow notable
activityThus，the doseof
tbepresentstudy maybave
On these bebavioralcompo－
nents．Inaddition，anyObservablemotoricdi＃e托nCeS
Were nOt払und accordingto overallimpressionin
tbe testlngperiod．
Bothtbestriatalandhippocampal
SyStemSare Sbownto playimportant
Spatiallocalization，yeteaCb免1nCtion
Cboline曙1Cneuralsystemscannotbe
CholinerglC
rolesin
of these
discussed
なom tberesults obtainedinthepresent study
Accordingtolesionstudies（McDonald＆Wbite，
1994；McDonald＆Vbite，1995）andthecu汀ent
results，itislikelytbatanimals maypedorm
Spatialtasks uslng pluralinformation．Rlrthermore，
the striatumand the bippocampus have been
Sbownto subserveEL－（Cook＆ Kesneち1988；
KesnerandDiMattia，1987；払tegal，1982）andAL一
（0’Keeねand Nadel，1978；01ton＆恥rtz，1978；
Walker ＆01ton，1979；Winoc叫1980）behavioち
respectivelyThus，itispossibletbat tbestriatal
and hippocampalcholinerglCSyStemSalso play
CriticalrolesinEL andAL behaviorandtbese
two systemsfunctionsimultaneouslybr an
e銑cient perfbrmance ofth radialmazetask．
Therefore，a di鮎rentialinvolvementof striataland
bippocampalcholine瑠1Curalsystemsinspatial
localizationusl gEL andAL tasks houldbe
fばtberinvestlgated．
In addition，it shouldbe notedthat the
COnCentration ofAF64A shouldbe determined
Care如11ynot to cause non－SpeC娩ctissue damages．
In thepresentstu軸2 nmolof AF64Acould
resultin qulte Selectivelesions oftbecholinerglC
SyStemS，yettbee鮎ct ofAF64Awaslimitedto
around synngetracts．於om theresults ofAChE
Staining，itislikelythatAF64A a任ects only
around syrlngetraCtSWhenlI勺eCtedintobrain
tissues．There女）re，i叫ectionmethod should alsobe
devisedregardingtbenumberofirわectionsites．
Inconclusion，bothintrastriatalandintrabippo－
CampalAF64A iIづectionresultedin severe
impalrementSintheradialarmmaze task．Tbese
re ultsdemonstratehatboththe striatal and
hippocampalcholinerglCSyStemS COntributeto the
radialmazebehavioこ Rlrthermore，aCCOrdingto
numerous reportson thestriatalandhippocampal
如nctions 血●om thepbysicaltissuelesion studies，
thestriatalandhippocampalcholinerglCneural
SyStemS appeartO functionsimultaneouslyt壬1at
each如nctionof themisindispensable女）ran
e放cie t solutionin atleast certainlearnlng
Situationsincluding spatiallocalization．
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